Is Douglas-fir replacing Ponderosa pine in the cut-over stands in western Montana? by Boe, Kenneth N.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1948 
Is Douglas-fir replacing Ponderosa pine in the cut-over stands in 
western Montana? 
Kenneth N. Boe 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Boe, Kenneth N., "Is Douglas-fir replacing Ponderosa pine in the cut-over stands in western Montana?" 
(1948). Graduate Student Theses, Dissertations, & Professional Papers. 2766. 
https://scholarworks.umt.edu/etd/2766 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
IS DOUGLAS-FIR REPLACmG POHDEROSA 
PIME IN THE CUT-OVER STANDS IN 
I'liESTEIffl MONTANA? 
by Kenneth H, Boe 
Submitted as partial ftilfillment 
for Master of Forestry Degree 
April 1948 
School of Forestry 
Montana State University 
Missoula, Montana 
UMI Number: EP36535 
All rights reserved 
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed, 
a note will indicate the deletion. 
UMT 
nimiMtiitkwni Ptibiiihingi 
UMI EP36535 
Published by ProQuest LLC (2012). Copyright in the Dissertation held by the Author. 
Microform Edition © ProQuest LLC. 
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code 
ProQuest LLC. 
789 East Eisenhower Parkway 
P.O. 60x1346 
Ann Arbor, Ml 48106-1346 
C O N T E N T S  
Page 
Acknowledgment 1 
Introduction 2 
Ponderosa pine type 3 
Ecology of the type 3 
Comparison of silvical characteristics of ponderosa 
pine and Douglas-fir 4 
Suamary of important differences of the TMO species ... 8 
Field study of ponderosa pine cut-over stands ........ 9 
Analysis of field data ........ 11 
Cut-over ponderosa pine stands on northerly aspects ... 12 
Gut-over ponderosa pine stands on southerly aspects ... 15 
Composition of original overwood more than one-half 
Douglas-fir ...... ....... 15 
Con^josition of original overwood more than one-half 
ponderosa pine , ........ 16 
Restilts of Western Montana study compared with intensive 
survey of a single stand 19 
Summary and conclusions .......... 20 
Literature cited ................. . 23 
Appendix ....... ............ 26 
AGKNOfaEDGIdEMT 
Field information used in this paper was made available by 
R. K, LeBarron, Chief of Division of Forest Managoaent Research, 
Northern Rocky Mountain Forest and Range E3q)eriii[ient Station, Appreci­
ation is expressed for encouragement and advice given by Mr. LeBarron 
and A, L, Roe, Silviciilturist, Division of Forest Management Research, 
Dean K. P. Davis, School of Forestry, has been counselor during 
the development of this paper. The writer is greatly indebted to him 
for editing and pertinent coments, and most important, inspiration to 
strive for effective presentation. 
- 1 -
IS DOUGLAS-FIR REPLACING PONDEROSA PINE IN THE CUT-OVER 
STANDS IN WESTERN MONTANA? 
mTRODUCTION 
In Western Montana i/ there are 9.5 million acres of commercial 
forest land (I4) • Of this acreage 25 percent is ponderosa pine tj^je dJ* 
Associated with the pine are Doxiglas-fir, grand fir, western larch and 
lodgepole pine; the most important and aggressive associate being 
Douglas-fir, This is a natural association and should be recognized in 
the managenent of the forests. Nevertheless ponderosa pine is the 
desired species from the standpoint of quality of lumber and yields per 
acre, and good management should be aimed at perpetiiating this species. 
Many foresters are convinced that in cut-over stands Douglas-fir re­
production predominates and the trend is towards type conversion to the 
less desirable species. If this is the trend, it shotjld be recognized 
so that corrective steps can be taken in futvire cutting plans. 
The purpose of this study is to get factvial information on whether 
Doi^glas-fir is replacing ponderosa pine in the cut-over stands in 'iestem 
Montana, Areas studied were limited to those on which logging and slash 
disposal, mainly pile and burn, were the only disturbing factors to the 
site. The aim was to sample natursfl. regeneration as it occurs following 
logging. For this reason areas on which bximing of any considerable 
extent had occurred were avoided. 
Yifestern Montana is that portion of the state west of the 
Continental Divide, It contains 1? percent of the total area of the 
state. See figure 1, 
2/ Ponderosa pine type as defined by the U,S, Forest Service 
are those stands having 25 percent or more of the merchantable volme 
in pine. 
POHDSRQSA PINE TYPE 
Nearly 2,4 million acres of land in Western Montana sigjport a 
forest that is classified as ponderosa pine type. Composition of these 
forests ranges from pure pine stands to mixtijres, principally Douglas-
fir and ponderosa pine. Type concept as used for forest management 
ptirposes is convenient for designating present stands. This does not 
mean that all stands so typed will reproduce similarly. Environmental 
influences will vary between stands and vriLthin stands and will affect 
the species differently according to their silvics, 
ECOLOGY OF IHE TYPE 
A considerable part of the forested area in Western Montana is 
classified ecologically as the Petran Montane forest climax (18)• The 
major dominants of this association are ponderosa pine (Plnus ponderosa) 
and Douglas-fir (Pseudotsuga taxifolia), Generally in this area there 
are three associated species, grand fir (Abies grandis), lodgepole pine 
(Pinus contorta), and western larch (Larix occidentalis), This forest 
climax has a variety of combinations of the dominant species from almost 
pure pine stands found merging into the grassland type on dry southerly 
exposures, to stands composed largely of Douglas-fir particularly on 
northerly aspects. In the northern part of the Western Montana area, the 
montane forest merges into what is called the transition forest between the 
true coastal and montane forest. The shift in dominants is from ponderosa 
pine and Douglas-fir to western larch, Douglas-fir and western white pine. 
Mountainous terrain is typical of the Western Montana area, Eleva- . 
tions range from 1,800 to over 10,000 feet. As in most mountainous 
regions, the timber types occiir in horizontal zones on the mountain 
slopes (8). Ponderosa pine type is generally found on foothills and 
lower slopes at elavations of 3500 to 4500 feet but ranging lower to 
2500 feet and up to 6000 feet particularly on southern aspects. Towards 
the upper border of its range the ponderosa pine gives way to the 
Douglas-fir type. The occurrence of the pine on the cooler northerly 
slopes is generally at lower elevations. 
The rainfall limits for the montane forest are approximately 18 to 
20 inches for the lower margin and 22 to 23 inches for the upper, 
although pine does extend lower into grassland areas than the minimum 
rainfall would indicate (3^) , In Western Montana the growing season is 
characterized by two wet months, liay and June, and three dry months 
July, August and September, Often one-fourth of the total yearly pre­
cipitation is received in May and June, Less than one-half of the 
yearly precipitation is in the form of snow, the greatest amount re­
ceived in Deconber and January, Mean annual air temperature ranges from 
42 to 45° F,, and average length of growing season about 179 days, with 
frost possible in almost every month of the year (12a). 
The critical environmental influences occur during the initial 
establishment of the tree species. Because of this, attention will be 
focused on this stage in the development of the stands, 
COMPARISON OF SILVIGAL GHARAGTERISTIGS OF FOKDEROSA PINE 
AND DOUGLAS-FIB 
The success with which a species occupies a given site is largely 
determined by seeding characteristics and the ability of the seedling 
to survive and grow. The following tabulation outlines the inportant 
I 
silvical characteristics of ponderosa pine and Doiaglas-fir, 
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Table 1, — Comparison of sllvical characteristics affecting the 
regeneration of ponderosa pine and Douglas-fir^/ 
Item Ponderosa pine Dpuglas-fir 
Seed production 
1, Age and size 
of seed pro­
ducing trees 
Minimum age 2$ years, 
however quality of seed 
poor until tree at least 
50 years of age. Trees 
are good producers of 
seed after reaching a 
size of 16 to 18 inches 
or after principal 
height growth has been 
reached. 
A large thrifty tree 
will produce from 
16,000 to 90,000 
seeds. 
Normal germination of 
seed the first year 
foUowiag the seed crop. 
Ho germination can be 
eiqjected from seed 
stored in duff. 
4, Dissemination Normally short distances, 
i.e, equivalent to ap­
proximate height of trees, 
but in open stands from 
500 to 700 feet in 
direction of prevailing 
wind. 
2. Quanity of 
seed 
3. Viability 
5, Occurrence 
of seed 
crops 
A little seed from year 
to year, but good seed 
years at internals of 
five or more years. 
Trees less than 20 years 
of age can produce nor­
mal viable seed. How­
ever, the percent of 
empty seed is high un­
less there is cross 
pollination from older 
trees because yoxing 
stands produce little 
pollen, 
A large thrifty tree 
will produce 40,000 
seeds. 
Kormal germination of 
seed the first year 
following the seed crop. 
Very little germination 
the second year from seed 
stored in the duff. 
From mature trees not 
screened by other trees, 
about half the seed will 
fall within 100 feet, most 
of remainder will be from 
100 to 500 feet from 
source, and a small amount 
from 500 to 1000 feet. 
Seed is produced every 
year, good seed years at 
intervals of three to 
four years. 
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Table 1. — Continued 
Item Ponderosa pine Douglas-fir 
Germination Common to both is the inter-relationship of tempera­
ture and moisture. Germination will be equally as 
fast on duff as mineral soil if moisture and tenqjera-
ture are at an optimum. Good germination can be 
obtained for both species at 62°F., however the rate 
of gemination increases rapidly at a ten^jerature of 
72°F. 
Establishment of 
seedlings 
A very little seed will 
germinate in the fall, but 
normal germination takes 
place in the spring. An 
average figure for germina­
tion is 37 percent. 
Normal germination in the 
spring. Seed that over­
winters on the ground 
germinates at a much faster 
rate than tliat which over­
winters on the tree. An 
average figure for germin­
ation is 41 percent. 
1, First year Plant tissue in general is killed between 120-130°F, 
There is no increased protoplasmic resistance with age, 
although development of protective devices differs by 
species and accounts for individual resistance to high 
temperatures. Damage to seedlings will first appear 
when temperature of the soil is 117°F, In hypocotyl 
and cotyledon stage both species are easily injured by 
high temperatures. 
Stem hardens quickly and 
can withstand high tempera-
tures. Half shade to full 
simlight favors survival 
and good growth. 
Stem hardens slower and 
more easily injured. 
Light or moderate shade 
favors survival of seed­
ling. 
Survival and grovrth strik­
ingly better when coc^et-
ing vegetation entirely 
eliminated. 
Grass and herbs offer 
protection to seedlings. 
Tap root development of both species is rapid, reaching 
10-11 inches by end of growing season. This rapid root 
growth enables both species to survive the drying out 
of surface soil. 
Table 1, — Gontijatied 
Item Ponderosa pine Douglas-fir 
Establishment ... 
1. First year 
(continued) 
Mineral soil surface best Mineral soil surface is 
suited for seedling develop- best, however seedlings 
raent. will become established 
where humus depth is not 
greater than one inch and 
site partially protected. 
Mortality is sKtremely variable for both species depend­
ing on aspect, climatic conditions, soil surface, etc. 
2. Second to 
seventh year 
Mortality reported as 
46 percent. 
Half shade to full sun­
light favors survival and 
growth. Is not a conser­
vative user of water and 
not efficient in photo­
synthesis. 
Soils porous and light 
whether because of sand 
content or organic con­
tent are better suited 
for establishment. Soils 
with high wilting coeffi­
cient offer most resistance 
to establishmait when 
moisture is a limiting 
factor. 
Mortality reported as 
43 percent. 
Light or moderate shade 
favors survival and growth. 
More conservative user 
of water and more efficient 
in photosynthesis. 
A wide range of soils are 
suitable, except poorly 
drained soils as swanqpa 
or those subject to over­
flow. 
Grass is a serious compet­
itor to the seedling. 
Grass and herbs offer pro­
tection during first three 
years, thereafter con^eti-
tion begins. 
Mortality •will average 
from 20 to 45 percent, or 
70 to 90 percent for first 
six years of seedlings' 
life. 
However mortality will continue at a higher rate from 
7th to 30th year for Douglas-fir than for ponderosa pine. 
Mortality will average from 
20 to 45 percent, or 65 to 
S5 percent for first six 
years of seedlings' life. 
"ij Literature consulted for above tabulation: 1, 2, 3, 4, 6, 7, 9, 
10, 11, 12, 15, 16, 17, 19. 
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SUMMARY OF IMPORTANT DIFFMMCES OF THE T^fO SPECIES 
There are many basic similarities between ponderosa pine and Douglas-
fir as evidenced by the above tabulation. However, the important character­
istics to keep in mind are the differences, summarized as follows: (l) Douglas-
fir produces seed at a younger age, in greater abundance, at more frequent 
intervals, and the seed is disseminated further than pine, (2) Pine can 
withstand higher temperatures during "toe seedling stage. (3) Grass is a 
more serious competitor for pine than Doi:iglas-fir, (4) Ponderosa pine does 
best on well-drained, porous soils and growth is favored by plenty of over­
head light. (5) Mortality of seedlings is somewhat greater for pine than 
Douglas-fir, however with advancing age this trend is reversed. 
These differences applied to "on-the-ground" conditions are likely to 
result in the following: (l) Where too few ponderosa pine seed trees are 
left, Douglas-fir will have a better, chance of taking over the site. 
(2) On sites exposed to high insolation, ponderosa pine will have the 
advantage. (3) Douglas-fir reproduction will become established under a 
forest canopy better than ponderosa pine, but in open stands typical of 
loany pine forests the two species will have about equal success, (4) After 
the repTOduction stand has become established ponderosa pine will have some­
what better chance of reaching maturity than Douglas-fir, 
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FIELD STUDY OF POKDEROSA PIKS CUT-0¥1E STAMPS 
The preceding discussion has brought out some of the basic silvics 
of ponderosa pine and Douglas-fir and indicates what niight in general be 
expected in regeneration following cutting, fhat has actually happened? 
Information on this point was gained from a field study made in. ponderosa 
pine cut-over stands of Western Montana in 1947. This work was done for 
the Northern Rocky Mountain Forest and Range Experiment Station, Missoula, 
Montana, with myself as crew leader. The purpose of this study was two­
fold; first, to determine growth following logging, and second, to study 
the reproduction and pole stands. This paper deals with a specific phase 
of the yx)ung stand—change in species composition. 
Sixty tei)[5)orary sample plots, one-half acre in size, were located 
(figure l) and measured in cut-over ponderosa pine stands. These plots 
were located in different stands which had been logged only once, and on 
v/hich slash disposal was the only disturbing factor to the site other than 
the logging. As found, kind of disposal was pile and burn on about two-
thirds of the areas and lop and scatter or no disposal on remainder. 
Burned-over areas were not studied. Different aspects and sites and a 
range of reserve stand conditions were sampled. In the sample plots 
measured, the time elapsed since logging ranged frcsa 7 to 51 years. 
Each circular one-half acre plot was a sample unit. This plot was 
located in a reasonably uniform portion of a cut-over stand, two acres or 
more in size. By visual inspection, a uniform portion of the stand was 
selected as representing a light, medium, or heavy overwood stand as 
measured in trees 10 inches or more d,b,h. This was the field guide for 
the selection of the study area. One or more plots were located in the 
study area. The location of the exact center of the circular sample plot 
was determined by chance. For example, a bearing of a line would be 
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L I N C O L N  
•UBBY FOI^S S6'^60 
CUT BANK 
• SHELB 
PONDERA 
• CONRAC KAUSPELL 
CHOTEAU 
T E "T 0 ^ S A N D E R S  r ^ L  A  FTVP K E 
POLSON 
'OMPSON FALLS 
POWELL 
SUPERIOR 
^INERAlpa MISSOULA 
GMI^OULA . 
Plot'gUy28-4g?jt-
Plot6 1-27 
HELENA 
G RA N i TE 
^ PH/UPSBURG 
} HAMILTON 
DEER LODGE ' 
BOULDER 
[ANACONDA 
I • 
3 E ER\ 
3 0GE/ 
TOWNI 
BROAD' 
iWEFFERSON 
SILVER 
•>BOW^ 
B E A V E  R H E A D  
DILLON Y 
MADISON 
VIRGINIA CITY 
Figure 1.— Location of plots for ponderosa pine study in 
./estern laontana. 
chosen which would lead into the uniform study area, and a distance was 
paced to the plot center. This distance, in chains, was a chance number 
and was chosen before the plot was located. From this first plot, a 
second or third plot was often located. 
From the plot center three sizes of circtilar plots VFERE laid out and 
marked; first, the half-acre plot, second, a tenth-acre, or pole plot, and 
third, five 4-niil acre reproduction plots. One of the 4-rail acre reproduc­
tion plots was at the plot center and four were AO feet from the center in 
cardinal directions. 
The data collected on these plots were the following: 
1. On the half-acre plot, measurements were made on all trees 7.6 
inches or more d.b.h. These measurements were of diameter, height, dia­
meter increase, and crown class. On dead trees of the same size, the 
species, diameter, cause of death, and time elapsed since death was re­
corded. For stumps on the plot, diameter, species and stump height was re­
corded. Notes were made on aspect, slope, type of soil, low vegetation, 
and slash disposal; these characteristics being typical of the plot as a 
whole, 
2. On the tenth-acre plot, all pole-size trees (4-9 inches d.b.h,) 
were recorded by species and one-inch diameter classes, 
3. On the 4-iiiil acre plots, all reproduction (0-3 inches d,b,h,) were 
recorded by species and one-inch diameter classes. The reproduction in­
cluded seedlings and saplings. Seedlings, or zero-diameter class, included 
those trees from one foot height to six-tenths inch d.b.h. 
Another type of plot used in the study, was called a special reproduc­
tion plot. This plot was established to obtain detailed information on 
successional trends, time of establishment and mortality on all reproduction 
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and pole-size trees. The special reproduction plots were in most instances 
identical vd.th the reproduction plots described above. But in some areas, 
where no half-acre plots had been located because of absence of an overwood 
stand, special reproduction plots were located at equal intearvals on a 
line run at right angles to the contours. The information obtained on all 
these plots was age, diameter, height and crown class of all trees. Damage 
to trees was noted and all dead trees were recorded by size classes and 
cause of death. 
The information obtained on the yotmg stand, poles and reproduction, 
evaluated with the overwood stand forms the statistical basis for this 
study, 
ANALYSIS OF FIELD DATA 
Each half-acre plot is considered a unit for analysis, Overwood and 
poles in the original stand and overwood in the reserve stand were recon­
structed from the increment measurements and stump and mortality data ob­
tained from the field information, Reproduction in the original stand can­
not be reconstructed accurately; but it can be shown in a relative way for 
a group of plots. Number of stems per acre of overwood, poles, and repro­
duction in the present stand was computed from the field data. 
The main grouping of plots is by aspect. All the plots grouped under a 
northerly aspect include those v/hich face northwest, north or northeast, 
while those on a southerly aspect face east through south to west. Plot 
grouping by aspect is further stratified by number of trees in the reserve 
overwood stand. 
Attention is directed to the composition of the present young stand 
(reproduction and poles) and con5)ared to the overwood in the original stand 
to determine composition changes. If similar composition changes occur on -a 
majority of plots grouped by aspect, they become significant as trends of 
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species succession. Further support to the significance of the trends is 
obtained where it can be shown that the findings are in agreement with re­
sults expected by considering basic silvical characteristics of the species 
concerned. 
GUT-OVER PONDEROSA PINE STAIfflS ON NORTHJSLI ASPEC1S 
Northerly aspects are represented by 13 one-half acre plots. Steins 
per acre by tree class for the original, reserve, and present stands are 
shown as a proportion between ppnderosa pine and Douglas-fir in figure 2, 
Numerical data on which this figure is based are given in table 2 (appendix). 
Composition of the original overwood (figure 2) on the sample units 
was two-thirds or more ponderosa pine on eight plots, and one-half or more 
pine on five plots. Logging resulted in slight composition changes from 
that of the original overwood. On only two plots in the reserve overwood 
stands is the proportion of pine materially reduced. But the young stands, 
poles and reproduction, resulting from this characteristically pine overwood 
have an entirely different composition. In the present pole stands (figure 2) 
the composition is two-thirds or more Douglas-fir on all plots but one. 
Composition of the reproduction stands is two-thirds or more Douglas-fir 
on nine plots. Ponderosa pine and Douglas-fir are nearly equal on three 
plots, while on only one plot is the composition two-thirds or more ponderosa 
pine, but on this plot the importance of the pine reproduction is minimized 
by the presence of a pole stand which is largely Douglas-fir, Considering 
poles and reproduction together, composition on nine plots is clearly changed 
to Douglas-fir, while on four plots ponderosa pine and Douglas-fir are repre­
sented in essentially equal proportions. Matire ponderosa pine stands on 
northerly aspects following logging are regenerating on 69 percent of the 
areas to Dotiglas-fir and 31 percent to pine and Douglas-fir. No areas are 
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Plot Original stand - Reserve stand Present stand 
nunber Oveinrood Poles Overwood Overwood Poles Reproduction 
Reserve stand less than 10 trees per acre 
^ •••£=] HMaZTZII ••••=1 ( I I I 
30 
31 
15 
13 
17 
18 
5 
12 
16 
38 
26 
Reserve stand 20-29 trees per acre 
Figure 2»~ Proportion of st^s per acre by tree class and species, before and after 
logging, pond«rosa pine type, northerly aspects. 
Legend; 
Ponderosa pine 
Douglas-fir i 3 
regenerating clearly to ponderosa pine. 
Composition changes Yirere occurring in the original pole stands (figure 2)j 
six plots were four-fifths or more Dotiglas-fir; three plots were two-thirds 
or more pine; two plots were equal. The original pole stands influenced 
composition in two ways. If a long period has elapsed since logging the 
poles will have grown into the overwood class and result in composition 
changes in the present overwood stands, ¥ihere the time since logging is 
short, composition of poles in the original stand and present stand will 
usually be the same. The present overwood includes trees which will be 
harvested in the near future but the present pole size trees are a part of 
the new forest crop. Therefore, original pole stands which become a part 
of the present pole stands affect composition changes in the futiare forest 
crop. 
Like changes were taking place in the reproduction in the original 
stands. Of the present reproduction, three percent of the ponderosa pine 
was advance at the time of logging, while 16 percent of Douglas-fir was 
advance reproduction. These percentages multiplied by the total stems of 
each species in present reproduction and the reszjlts reduced to a proportion 
give relative composition of the reproduction in original stands on all plots 
as: 90 percent Douglas-fir and 10 percent ponderosa pine. Under the original 
stand environmental conditions were more favorable for Douglas-fir than 
for ponderosa pine. This agrees with the silvical characteristics of the 
species (table l) where it was found that half shade to full sunlight favored 
survival and growth of pine, vfhile light or moderate shade favored survival 
and growth of Douglas-fir, Conditions for establishment of ponderosa pine 
are improved by logging. Pine reproduction is obtained in variable amounts 
(figxire 2) but not consistently as is Douglas-fir, 
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Use of the original overwood as a standard for determining composition 
changes necessitates some explanation and qualification. The composition of 
the young stands preceding the overwood stands is not loiosra. Unequal mortality 
of the species in the stand caused by fire, insects, disease, etc., must have 
affected the final composition especially since these stands have stood for 
2-300 years. The present mature forests are classified on the existing com­
position and is then the logical basis for comparison. But it is not known 
if composition changes as found would be changes at all if the present young 
stands \¥ere allowed to grow unhindered for the same length of time as the 
original stands. However, tmder shorter rotations contemplated for a managed 
forest, the advantage ponderosa pine has over Douglas-fir as to fire resis­
tance and longevity will be less important than formerly. For this reason 
present composition is likely to persist without major changes in the next 
rotation. Conclusions concerning con5)osition changes are limited by the fore­
going discussion. 
Composition is likely to persist without major changes, as the stands 
grow into the overwood class. An indication of mortality trends will serve 
to support this point. Of all the sapling size trees recorded on all aspects, 
six percent of Douglas-fir and seven percent ponderosa pine v/as listed as 
mortality. Two percent Doiiglas-fir and one percent pine poles were mortal­
ity. The difference in mortality rates is slight and will not appreciably 
alter the composition of the present young stands. The trend in composition 
changes on northerly aspects is from a mature ponderosa pine stand to an 
immature Douglas-fir stand on 69 percent of the areas, and to equal pine and 
Doxglas-fir on 31 percent. Composition of the important trees in the young 
stand for a single average acre, calculated by apportioning those areas 
stocked equally to ponderosa pine,and Douglas-fir to either pine or fir. 
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will be 15 percent ponderosa pine and percent Douglas-fir, Other cut-
over ponderosa pine stands on northerly aspects in Western Montana are 
likely to have similar composition in the young stands, 
GUT-OVER POKDEROSA PINE STAtlDS OM SOUfflERLI ASPECIS 
Composition of Original Overwood More Than One-Half Douglas-fir 
These stands are represented in the study by six one-half acre plots. 
Five out of six of the plots are from a geographical area in which timber 
types are mixed and type transition is very marked with change in eleva­
tion from valley bottoms to upper slopes. On a volume basis, the stands are 
classified as ponderosa pine type, but considering stems per acre, these 
stands are similar to Douglas-fir types. Proportion of stems per acre by tree 
class and species, before and after logging is given in figure 3. Complete 
numerical data for the plots is given in table 3 (appendix). 
Composition of the original overwood ranges from 19 to 46 percent 
ponderosa pine, and 6 to 29 percent pine in the reserve overwood on all 
plots except number 35. Present reproduction on these plots (figure 3) is 
from 98 to 100 percent Douglas-fir. Ponderosa pine reproduction ranges 
from 50 to 150 stems per acre on four out of five plots (table 3) but the 
great abundance of Douglas-fir stems results in reproduction con5)Osition 
that is almost exclusively Douglas-fir, 
Composition of present pole stands alters -Uie coi!5)osition of present 
young stands in one instance. On plot 46 there vms an advance ponderosa pine 
sapling and pole stand at the tirue of logging tiiat dominates the present pole 
stands. Nevertheless the under story is all Douglas-fir, Ponderosa pine is 
not regenerating. 
Plot 35 is a special case representing a severe, rocky site, Ponderosa 
pine saplings and poles from time of logging have groTO into the overwood 
class and resulted in increased proportion of pine in the present overwood. 
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Plot Original stand Reserve stand Present stand 
nmber Overwood Poles Overwood Overwood Poles Reproduction 
^ Reserve stand less than 10 trees per acre 
43 
35 
44 
53 
52 
Reserve stand 20-29 trees per acre 
Reserve stand 30 trees and over 
Figure 3»— Proportion of Stems per acre by tree class and species, before and after 
logging in stands more than one-half Douglas-fir, southerly aspects. 
Legend; 
Ponderosa pine 
Douglas-fir J 
Douglas-fir is barely maintaining its position in the overwood stand. 
There is no reproduction of either species in the present stand, but the 
present pole stand is all ponderosa pine (figure 3). Pine is regenerating 
slowly. The trends here shown are in agreement with a characteristic 
brought out in table 1 that ponderosa pine vdJLl succeed on exposed sites 
better than Douglas-fir. 
Cut-over ponderosa pine stands that had originally a high proportion 
of Douglas-fir, and which represent a tension zone between pine and Douglas-
fir type are reproducing almost exclusively to Douglas-fir, Some pine repro­
duction is obtained, but Douglas-fir reproduction is so abundant as to ob­
scure the pine almost completely. 
Composition of Original Overwood More Than One-Half Ponderosa Pine 
These stands are represented by 41 one-half acre plots. Proportion of 
stems per acre by tree class and species before and after logging is shown 
in figure 4. Complete numerical data for the plots are given in table 4 
(appendix), 
Composition of the original overwood stands (figure 4) was two-thirds or 
more ponderosa pine on 39 plots and slightly over one-half pine on two plots. 
Composition of the overv/ood in the reserve stands is essentially the same as 
the original stands; 37 plots have two-thirds or more pine and 4 plots have 
about equal pine and Douglas-fir, The original and reserve stands compared 
to the present pole and reproduction stands show the composition changes which 
are occurring. Considering poles and reproduction together, composition of 
16 plots (figure 4) is two-thirds or more ponderosa pine, while 7 plots is 
two-thirds or more Douglas-fir, Two plots have neither poles nor reproduc­
tion and 16 plots have ponderosa pine and Douglas-fir poles and reproduction 
in essentially equal proportions. These last named 16 plots are proportion­
ately equal in these respects: they may have a pine pole stand and Doiaglas-
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Plot 
ntaaber 
45 
28 
7 
51 
25 
36 
34 
24 
Original stand 
Overwood Poles 
Reserve stand 
Overwood 
Present stand 
Overwood Poles Reproduction 
Reserve stand less than 10 trees per ^re 
1 
21 
22 
49 
55 
59 
14-
9 
Reserve stand 10-19 trees per acre 
Figure 4»— Proportion of stems per acre by tree class and species, before and after 
logging, ponderosa pine type, southerly aspects. 
Plot Original stand Reserve stand Present stand 
number Overwood Poles Overwood Overwood Poles Reproduction 
Reseirve stand 20-29 trees oer acre 
Reserve stand 30 trees and over 
Fxgure 4. Continued 
Legend: 
Ponderosa pine 
Douglas-fir 
fir xmderstory; the reverse of the above; or, equal proportions of the two 
species in both the pole and reproduction stands. Following logging, pon-
derosa pine stands on southerly aspects are clearly reproducing to ponderosa 
pine on 39 percent of the sample plots; to Douglas-fir on 17 percent; equally 
to Douglas-fir and ponderosa pine on 39 percent; and 5 percent of the plots 
were failures. In terms of the important trees of the young stand for a 
single average acre, coiaposition vrill be 62 percent ponderosa pine and 38 
percent Douglas-fir. The original overwood stand averaged 84 percent pon­
derosa pine and 16 percent Douglas-fir. It is apparent that Doiiglas-fir is 
replacing ponderosa pine on cut-over stands on southerly aspects by an 
amount of 22 percent of stems per acre. 
Composition changes were taking place under the original forest canopy. 
Twenty-six plots (figtire U) had tv/o-thirds or more pine poles; four plots had 
two-thirds or more Douglas-fir and three plots had slightly over one-half 
ponderosa pine. There were no poles on eight plots. The trends toward a 
greater proportion of Douglas-fir in the present young stands have been accent­
uated by relatively more Douglas-fir advance reprodiiction than pine. Of all 
the present reproduction on southerly aspects, 34 percent of the pine and 43 
percent of Douglas-fir was established prior to logging. The percent of 
advance reproduction by species multiplied by the total stems of present 
reproduction and con-y;erted to a proportion gives relative composition of 
reprodtiction in the original stand as: 61 percent Douglas-fir and 39 per­
cent ponderosa pine. The two species regenerate somewhat similarly, yet 
numerical balance is in favor of Doxiglas-fir, Added to this is the greater 
seeding potentials of Douglas-fir as brotight out in table 1; the two factors 
contributing clearly to the encroachment of Douglas-fir over ponderosa pine 
by an amount of 22 percent of the important trees in the jnoung stand. 
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lilfhat effect density of the overwood has on cou^josition changes is not 
clearly demonstrated in this study. Four out of five plots having a reserve 
stand 6f 30 trees or more (figure 4) have almost entirely Douglas-fir repro­
duction. This is expected because as the reserve overwood stands approach 
mature stands in density, environmoital conditions are more favorable for 
establishment of Douglas-fir thsin ponderosa pine. However, composition of 
reproduction on plots having a reserve stand of 20-29 trees per acre on 
northerly aspects (figure 2) is not as expected. Two out of four of these 
plots have 45 and 55 percent ponderosa pine reproduction. The reserve 
stands on nortiierly aspects have fewer trees than the examples given for 
southerly aspects but light intensities under the canopies should be some­
what similar as different aspects are represented. The trend is suggested, 
however, that Doxiglas-fir reproduction is favored over pine by an overwood 
canopy of more than 30 trees per acre. 
Composition of ihe present young stands is. not likely to be very dif­
ferent as the trees grow into the overwood class. As stated in the discus­
sion of ponderosa pine stands on northerly aspects, relative mortality of 
ponderosa pine and Douglas-fir sapling and pole size trees is very nearly 
the same. Under shorter rotations, longevity of ponderosa pine over Douglas-
fir will be an unimportant factor. The trends in composition changes of 
pine stands on southerly aspects in Western Montana are toward a greater 
proportion of Douglas-fir than in the original mature stand. 
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RESULTS OF >yESTERM MONTANA STUDY COMPARED WIIH 
INTSI-3SIVE SURVEY OF A SIMPLE STAND 
A comparison of the results of the Viestern Montana study with those 
obtained from an intensive survey of a isingle large cutting is given in the 
following discussion. 
This cut-over stand is located on Lick Creek in the Bitterroot National 
Forest, in the southern portion of the Western Montana area. It consisted of 
approximately 2000 acres and the survey was made 35 years after logging. 
The stand was closely similar to the stands sampled in the Western Montana 
study. Original overwood averaged 90 percent ponderosa pine and 10 percent 
Douglas-fir, Slash was piled and burned on the area. Reserve stand overwood 
ranged from about 4 to 28 trees per acre. The Lick Creek stand was dissimi­
lar in one respect: variation of reserve stand overwood was greater. In 
the Western Montana study all plots were stocked with reseirve overwood, but 
in the Lick Creek stand non-stocked plots, amounting to 20 percent of the 
total, were included in the samples. 
Stocking and composition of the present young stand (seedlings, saplings 
and poles) was determined for the Lick Greek cut-over stand by the dominant 
tree on a 4-inil acre plot. Thus results are in terms of the important trees 
of any species in the young stand and can be averaged for the stand by aspect 
on a per acre basis. 
Average stocking of the young stand' on southerly aspects in Lick Greek^ 
area was 37 percent ponderosa pine, 26 percent Douglas-fir, 3 percent other 
species and 34 percent non-stocked. Composition of the iii5)ortant trees in 
the young stand, calculated from stocking figures, is 56 percent ponderosa 
pine, 39 percent Douglas-fir and 5 percent other species. It was found in 
the Western Montana study for southerly aspects that composition of the young 
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stand is likely to be 62 percent ponderosa pine and 38 percent Douglas-fir. 
The intensive survey results of average composition of the important trees 
in the young stand following logging are closely similar to that esqjected 
as found in the extensive study. This similarity lends support to the ' 
Western Montana study. 
On northerly aspects similar composition of the young stand was found 
between the intensive survey and the Western Montana study. In Lick Creek 
area, composition averaged 18 percent ponderosa pine,, 75 percent Douglas-fir, 
and 7 percent other species. Results from Western Montana study indicated 
that composition of the young stands on these aspects is likely to be 15 per­
cent ponderosa pine and 85 percent Douglas-fir, 
Although only one intensive survey is compared to the sfestern Montana 
study, the similarity of results substantiates the conclusion that Douglas-
fir is seriously encroaching over pine on northerly aspects and is present 
in increased proportions on southerly aspects, 
SIM^Y AND COMCLUSIOHS 
Of 9,5 million acres of commercial forest Isind in Western Montana, 
2,4 million acres are classified as ponderosa pine type. Composition of 
these forests ranges from pure pine stands to mixtures vfith Douglas-fir, 
western larch, grand-fir and lodgepole pine; Douglas-fir being the principal 
and most aggressive associate. Warm dry sites, as found on southerly aspects 
and lower elevations, are thought of as ponderosa pine sites, while cool 
moist sites, as northerly aspects and higher elevations, are regarded as 
Douglas-fir sites. However, many mature stands on northerly aspects have a 
o*' . 
high proportion of pine; the composition is probably the result of a fire 
at some time during the life of the stand, 
Ponderosa pine is the desired species from the standpoint of quality 
of lumber and yields per acre in the Western Montana pine area; therefore. 
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natiiral regeneration of this species is a goal in management, A survey was 
made to determine what the composition of the young stands is a number of 
years after cutting. Sixty temporary sample plots, one-half acre in size, 
were located and measured in cut-over stands. Stands selected for stu(ty 
were those on which logging and slash disposal were the only disturbing 
factors to the site. Burned over areas were not studied. 
The data pertaining to stand composition were grouped by aspect and 
number of trees in the reserve stand. Analysis was on the basis of unit 
half-acre plots in order to show the variation of the reproduction stands. 
Final results are expressed as average composition of the important young 
trees in the present stand as compared to average composition of the original 
overwood. 
On northerly aspects, original stand composition averaged ?5 percent 
ponderosa pine and 25 percent Douglas-fir, while the present young stand 
averages 15 percent ponderosa pine and 85 percent Douglas-fir, Douglas-fir 
regenerated consistently on all plots, while pine regeneration was irregular. 
It was fovind that Dotglas-fir reproduction present at time of logging v/as an 
important factor in causing this type change from the original ponderosa pine 
overwood. 
The two species regenerated somewhat similarly on southerly aspects yet 
numerical balance was in favor of Douglas-fir, Composition of the original 
overwood averaged 84 percent ponderosa pine and 16 percent Dot;iglas-fir, while 
in the present young stands the composition is 62 and 38 percent respectively. 
Increase of Douglas-fir on these aspects is due largely to more of this 
species becoming established under the original forest canopy than ponderosa 
pine. 
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In stands characteristic of the tension zone between ponderosa pine 
and Dotiglas-fir type, regeneration following logging is almost exclusively 
to Douglas-fir. Ninety-eight percent of the reproduction stand is Do\iglas-fir. 
Results of this study, although of a siirvey character, show that DougHas-
fir is replacing ponderosa pine on northerly aspects. Opening up the stands 
by logging resiilts in favorable conditions for pine regeneration but Douglas-
fir reproduction already present reduces the chances for favorable pine 
stocking. Stands on southerly aspects are regenerating favorably, yet 
increase of Douglas-fir in the present young stands is evidence that Douglas-
fir encroachmeht could be serious if these stands were improperly handled. 
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APPEKDH 
Table 2* — Stems per acre by tree class and species, before and after logging, 
ponderosa pine type, northerly aspects 
Plot: Years: Original Stand :Reserve Stand : Present Stand ' 
Hmn-: Since: Overwoodi/: Poles^ : Overwood : Overwood : Poles :Reproduction2/ 
b e r  :  L o g -  : : : : :  :  : : : : : :  
; ging ; PP : DP ; PP : DF: PP : DF : PP : DF : PP : DF ; PP : DF 
Huiaber 
Reserve stand less 
than 10 trees per acre: 
,8 
a/6 
23 10 10 0 0 2 2 2 2 0 40 0 1400 
40 32 18 0 10 6 2 6 16 0 0 50 2150 
Reserve stand 10-19 
trees per acre; 
30 10 40 0 0 20 12 0 12 0 0 20 0 100 
10 19 13 2 16 5 7 5 11 2 20 150 500 
15 30 32 4 2 2 14 4 14 4 2 10 400 900 
13 30 20 10 6 26 6 10 10 26 10 20 7100 2500 
17 30 22 14 0 2 4 10 4 8 0 60 50 2750 
33 24 0 2 0 12 0 16 0 0 0 100 100 
^5 40 24 16 12 6 10 4 16 12 0 0 250 1450 
Reserve stand 20-29 
trees per acre: 
12 ,30 40 10 0 0 18 4 18 0 0 60 1100 1350 
16 30 2 2 0 22 0 24 0 0 «10 150 1150 
38 51 32 6 18 16 22 2 38 18 40 100 850 700 
26 51 20 14 0 26 12 14 8 16 160 no 200 900 
"y Trees 10 inches d.b.h. and over, 
2/ Trees 4-9 inches d.b.h. 
Seedlings and saplings. 
5700 stems reproduction and 50 poles of other species not included, 
_5/ Original stand has two western larch per acre included with ponderosa pine 
and Douglas-fir, 
^ 900 stems reproduction of other species not included. 
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Table 3. — Stesas per acre by tree class and species, before and after logging 
in stands more than one-half Douglas-fir, southerly aspects 
Plot : Years : Oi-iginal Stand rReserve Stand : Present Stand 
Num- : Since : Overwood : Poles ; Overwood : Overwood : Poles ;Reproduction 
ber ; Log- : ; : : : : 
; ging : PP t DF : PP ; DF: PP ; DF ; PP ; DF ; PP ; DF r PP ; DF 
Hu^er 
Beseinre stand less 
than 10 trees per acre: 
46 9 16 44 22 14 2 6 2 10 90 10 0 1600 
Reserve stand 20-29 
trees per acre: 
43 7 20 24 0 4 8 20 8 20 0 20 100 6500 
35 51 16 26 10 0 16 6 32 8 6 0 0 0 
Reserve stand 30 
trees and over: 
44 7 12 50 2 4 10 26 10 26 2 4 50 6550 
53 21 14 36 8 16 2 32 8 42 10 10 150 17600 
i/52 25 12 30 0 22 8 24 8 40 0 70 100 5250 
3^ Original stand has 4 western larch per acre included v/ith ponderosa pine and 
Douglas-fir. 40 poles per acre of other species in present stand not included. 
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Table 4. — Stems per acre by tree class and species, before and after logging, 
ponderosa pine type, southerly aspects 
Plot :Years ; Original Stand ;Reserve Stand : Present Stand ~ 
Kum-.:Since : Overwood : Poles ; Overv/ood ; Overviood : Poles tReproduction 
beri/;Log- ; : : : : : : ; ; ; : : 
;ging ; PP ; DF ; PP ; DF; PP ; DF ; PP ; DF ; PP ; DF ; PP ; DP 
Number 
Reserve stand less 
than 10 trees per acre; 
45 9 34 18 8 4 2 2 2 0 8 4 0 900 
28 10 40 4 0 0 4 4 4 2 0 0 50 50 
7 13 14 0 10 0 4 0 10 0 30 0 0 0 
51 15 20 4 0 0 4 2 4 2 0 0 1600 0 
25 51 22 2 0 0 4 2 6 2 0 0 0 0 
36 51 18 6 0 0 2 0 50 0 20 0 1400 500 
34 51 12 6 2 8 4 2 38 20 100 80 100 150 
24 51 24 0 2 0 8 0 18 0 20 0 50 0 
sserve stand 10-19 • 
:ees per acre: 
1 11 20 0 0 0 12 0 12 0 0 10 50 0 
21 11 20 4 6 22 14 4 12 10 20 30 200 50 
22 11 24 4 2 0 12 0 10 0 2 0 450 0 
49 14 62 0 4 0 18 0 20 0 2 0 1050 0 
55 21 34 2 10 0 10 0 18 0 2 0 200 950 
59 25 16 6 2 0 9 3 9 3 2 10 100 250 
14 30 22 8 8 0 12 0 18 0 0 0 50 50 
9 30 18 0 6 0 10 0 12 0 4 0 1150 100 
19 33 26 2 6 0 12 0 14 0 10 0 350 0 
56 36 26 0 6 0 16 0 20 0 0 0 100 900 
32 37 20 2 12 10 12 0 18 16 2 0 0 0 
2 M LA 4 8 2 18 0 22 2 4 20 100 200 
23 51 32 0 0 0 12 0 16 0 40 0 50 0 
37 51 26 12 4 2 14 4 26 6 10 0 200 250 
27 51 16 6 4 2 10 6 18 10 10 0 50 350 
33 51 14 10 16 2 12 4 34 8 60 4 150 850 
^ Plots 56, 59F 42, 51, 60, 57, 36, 39 have from 2 to 18 western larch per 
acre in original stand divided equally betvfeen ponderosa pine and Douglas-fir, . Num­
ber of larch is reduced from 2 to 8 trees per acre in reserve stand by logging. Plots 
51J 33> 39 have from 10 - 20 poles per acre of other species in present stand not 
included. 
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# 
Table 4. — Continued 
Plot ; Years : Original Stand :Reserve Stand : Present Stand 
Num- : Since ; Overwood : Poles : Overwood : Overwood ; Poles tReproduction 
ber : Log- : : :::: : 
; ginR i PP ; DF ; PP r DF; PP ; DF ; PP ; DF i PP ; DF; PP ; DF 
Mumber 
Reserve stand 20 - 29 
trees per acre: 
29 10 38 6 8 34 20 6 16 14 20 26 0 0 
47 14 62 10 12 4 22 4 28 6 8 0 350 100 
50 14 74 2 16 0 28 0 42 0 10 0 500 650 
48 14 40 0 14 0 20 0 24 0 10 0 1500 0 
54 21 42 14 8 6 16 4 22 10 0 G 50 2650 
58 25 23 9 0 0 17 5 16 4 0 0 100 250 
10 30 28 0 6 0 20 0 18 0 2 0 50 0 
11 30 38 0 10 0 24 0 30 0 10 0 300 0 
20 33 28 0 10 0 20 0 18 0 0 0 0 0 
4 40 32 6 26 2 16 4 26 10 40 50 • 750 450 
3 40 42 4 6 0 22 2 20 0 0 20 700 150 
39 51 45 15 6 0 19 3 30 4 90 0 300 50 
Reserve stand 30 
trees and over: 
41 15 48 10 0 0 28 6 28 6 10 0 0 850 
42 15 39 23 0 12 18 16 18 20 0 20 0 250 
60 25 49 15 12 0 30 10 40 10 2 0 0 450 
57 36 35 29 6 4 22 26 31 31 0 0 250 4650 
40 51 64 0 6 0 38 0 48 2 0 0 700 0 
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